This review paper is focusing on utilizing ontological approaches in capturing and sharing assembly design knowledge towards better integration between the product design and manufacturing, more specifically between assembly design and assembly process planning (APP) domains. Most of the significant Approaches that have been proposed by researchers in the last decade are reported in this extended review paper. Comparison between various approaches and conclusion about the overall related literature are conducted as well.
I. INTRODUCTION
Ontologies and semantic web technologies have been widely applied to achieve semantic integration and to enhance semantic interoperability, which consequently can support knowledge sharing between product design and manufacturing. An ontology attempts to define concepts, mutual relations between concepts and constraints governing those relations.
In published literature many definitions have been addressed for an ontology [1, 2] . One of the most comprehensive definitions is the one reported by Uschold and Gruninger [3] : -An ontology is a formal description of the entities within a given domain, the properties they possess, the relationships they participate in, the constraints they are subject to, and the patterns of behaviour they exhibit‖. In this definition, formality is mentioned as one of the fundamental requirements for the ontology. Formality is highly related to interpretation by computers, the more formal an ontology is the more interpretable by computers it becomes [4] . Ontologies are also classified, according to the level of rigor and restrictions applied on the terminologies conceptualized in the ontology, into heavyweight and lightweight ontologies [4] . The heavyweight ontologies use axioms and constraints to restrict the meaning of the terms and facilitate deduction of new knowledge by using inference rules. Lightweight ontologies use textual definitions of concepts and terms, which may lead to ambiguities when defining the semantics of concepts [5] .
Other classifications are based on the level of generality [6] and on the conceptualization structure [7] . Both classifications distinguish between upper ontologies (generic, top-level ontologies), domain ontologies and application ontologies. Upper ontologies consist of generic, abstract, and high level concepts which can be applied to a wide range of domains. Only a very general level of knowledge modelling can be done by using upper ontologies. An example of upper ontologies is the foundation ontologies. Foundation ontologies provide a knowledge base for more specialized ontologies [8] such as domain and application ontologies. Domain ontologies consist of domain-specific concepts whereas application ontologies capture semantics for a specific application belonging to a specific domain. The level of generality decreases from upper ontologies to domain and application ontologies. Recently, ontologies and semantic web technologies have been widely applied in the manufacturing domain. The aims behind utilizing an ontological modelling approach in manufacturing systems could by summarized by three points:

To support adaptability and reconfigurability of the manufacturing systems. Several manufacturing paradigms based on ontologies have been proposed to support re-configurability of manufacturing systems [9, 10] . This is done by synchronizing the changes in the physical manufacturing system level with the corresponding modifications in the control software level. The ontological model approach provides a proper semantic model of the production system and makes it accessible to the control software through the use of semantically-enriched Web Services (i.e. Semantic Web Services). This approach can enhance reconfigurability of production systems because the semantics makes the knowledge about the manufacturing system itself understandable to the control software. More details about the use of ontologies in supporting adaptability and reconfigurability of manufacturing systems are available in [11, 12] .  To model manufacturing systems from different perspectives such as product, process and assembly process planning. Examples from literature are provided in [13, 14] .  To support semantic interoperability between manufacturing and other related domains in productlife cycle. Semantic interoperability can be achieved when the meaning associated to captured information and knowledge can be effectively shared across different domains and applications without any loss of the meaning and intent of the information and knowledge during the exchange process [15] . In order to achieve semantic integration, reference ontologies have been developed for information interoperability [16, 17] . Examples from literature are provided in [18, 19] .  To support knowledge sharing between the product design and different manufacturing domains [20, 16, 17, 21] . Attached to this point is the utilization of ontology capabilities in reusing knowledge and inferring new knowledge based on the existing knowledge, which will support decision making in manufacturing systems.
This research mainly concerns utilization of ontologies in integrating product design and manufacturing. Design -manufacturing knowledge integration includes two stages: product and production system knowledge capturing, which includes modelling and recognition of the knowledge, and product knowledge sharing over the manufacturing environment.
In published literature, there is a difference between the terms knowledge, information and data. According to [22] information is -the relationships between recognized data (i.e., numbers and symbols) in some context", while knowledge is "information with added detail relating how it should be used or applied" such as "rules describing what actions to take when certain information exists" [22] . Another important aspect regarding knowledge is addressed by [23] stating that "knowledge is composed of concepts". Based on the former two definitions, knowledge is here considered as a set of concepts with additional related rules that describe the actions to be taken based on the available information. An example that illustrates the difference between knowledge and information in the context of design-manufacturing integration is that tolerance information for cylindrical surfaces could be interpreted as manufacturing knowledge if additional details are added, based on the available tolerance information. Rules for deriving this knowledge would e.g. specify certain types of fitting processes and corresponding fitting resources.
Product design knowledge has a very important role in influencing all other stages of the product-life cycle, and especially so for manufacturing. And the other way around, manufacturing knowledge supports the product design related decisions [24] . According to [25] manufacturing knowledge is "a sum of facts and data leading the manufacturing community"s activities of implementing a production". Manufacturing knowledge includes a wide variety of knowledge types that are required to facilitate production, such as process planning, assembly knowledge and many others. More about the types of manufacturing knowledge could be found in [24, 25] .
II. DESIGN -MANUFACTURING INTEGRATION
In the published literature, several designmanufacturing integration frameworks have been proposed; Fig 1 gives an illustration of the main proposed integration approaches. From a technical point of view, the proposed design-manufacturing integration frameworks are categorized into three main approaches: ontology-based approach, Interface (internal) approach and file-based (external) approach. Several examples are listed under each approach. The main focus on this paper is on the ontology-based approach, the other two categories will be discussed only briefly in this section.
Internal and external product-manufacturing integration approaches are the most popular in the published literature [26] . In the internal approach, API (application programmable interface) functions are used to recognize and extract product design data from a CAD model. While in the external approach product data is transferred using a standard neutral data format, such as IGES, XML or STEP file. Both methods have some limitations in sharing product / assembly knowledge. In both methods, is transferred from user to user or from application to application but not from domain to domain. Another limitation is the data lost during conversion from one format to another format in the external approach, and the syntactic (i.e not semantic) transfer of data in the internal method. More details about the interfacing and the file-based approaches are available in author's previous publications [27, 28] .
Under the interfacing and the file-based approaches ( Fig. 1 planning applications, such as CAD-CAX integration [29] , CAD and Computer Aided Process Planning (CAPP) integration [30, 31] , CAD/CAM and CAPP integration [32] , CAD/CAM/CAE integration [33] , and CAD-manufacturing process planning integration [34, 35, 36] . Many other examples can also be found in the published literature.
Under ontology-based integration approach, several examples of integration frameworks are listed. Integration frameworks in this approach can be categorized into application integration approaches and domain integration approaches. The first listed literature example under ontology-based approach, [37] , represents an ontology-based application integration framework. They developed a feature ontology to exchange product design knowledge between CAD and CAPP applications. The proposed feature ontology facilitates the transition of CAD and CAPP files into a neutral format that could be understood by both applications. Feature-based technologies have been used widely in published literature to enhance knowledge sharing between different manufacturing applications such as CAD, CAM and CAPP applications. Similar ontological feature-based integration applications exist, and in the one addressed by [38] , a common design features ontology is proposed to facilitate CAD knowledge sharing between SolidWorks (SW) and CATIA.
There are many frameworks proposed for utilizing ontology in manufacturing related domains such as product design, manufacturing, maintenance, assembly design, process planning and APP. In this section we only review some very representative literature examples on applying ontologies in manufacturing, product design and APP sides.
On the manufacturing side, the Manufacturing's Semantic Ontology (MASON) is proposed by [13] to support capturing and sharing of manufacturing knowledge. Manufacturing knowledge is captured though three main concepts: entities, operations and resources. Entities represent geometrical and non-geometrical knowledge (e.g. material and cost), operations represent manufacturing processes (e.g. machining and logistic) and resources represent manufacturing and other resources (e.g. human resources). A machining ontology is proposed by [39] to represent the manufacturing domain knowledge. This machining ontology includes geometrical knowledge (form features), machining processes and machining resources.
On the product design side, a product design and manufacturing process ontology for manufacturing is proposed by [14] . This ontology is focused on reusing knowledge resulting from Design Failure Mode and Effects Analysis (DFMEA) and Process Failure Mode and Effects Analysis (PFMEA) processes in the manufacturing industry. Product ontology to integrate production planning systems with product design applications is proposed by [40] . In this ontology, concepts are adopted based on product data management [41] and enterprise integration [42] standards. ISSN: 2348 -8360 www.internationaljournalssrg.org Page 8 The ontology includes in this case concepts such as Product, Part, Component and Assemblycomponent-relationship to represent assembly areas within production planning and product design domains. Another product design ontology is proposed by [43] to integrate product design and Design For Manufacture (DFM). Their work also includes ontology a development methodology for DFM. Product development ontology is proposed by [44] for reuse, integration and sharing of design knowledge to support decision-making during the product development process. The Manufacturing System Engineering (MSE) ontology is proposed by [19] for exchanging knowledge across multidisciplinary design areas. An ontology to support ISSN: 2348 -8360 www.internationaljournalssrg.org Page 9 knowledge sharing between design and manufacturing domains is also proposed by [45] . Their ontology supports capturing manufacturing knowledge to support decision making and knowledge sharing.
A semantic manufacturing interoperability framework (SMIF) is proposed by [20] mainly to facilitate interoperability across product design and manufacturing domains. The SMIF consists of a multilayer ontological framework, in which a foundational ontology for modelling the domain is provided by the first layer. Domain ontologies to model product design and manufacturing domains are provided by the domain ontology layer. The next two layers, Semantic Reconciliation and Semantic Interoperability, are dedicated to support interoperability and knowledge sharing across domain ontologies.
Another multilayer framework, the Interoperable Manufacturing Knowledge System (IMKS) is proposed by [16] , to provide seamless computer-based knowledge sharing between departments of a manufacturing enterprise, more specifically product design and manufacturing. The IMKS supports interoperability, ability to overcome semantic and syntactic differences during computerbased knowledge sharing, through the use of foundation and domain ontologies. The IMKS is composed of four layers, a foundation ontology is provided by the first layer, which was later developed by [17] , to provide a common ground to the process specification language (PSL) ontology and a core ontology of product design-manufacturing concepts in the second layer. The third layer represents the domain ontologies (design and manufacture domains). The bottom layer in the proposed framework is knowledge base layer. The knowledge base is built by using concepts from the domain ontologies in the upper layer. In the proposed approach the knowledge base is populated by facts through a verification mediator. The verification mediator establishes integration between product design and manufacturing domains through the use of queries for the verified facts. The verified facts are sent to the manufacturing knowledge base to be checked such that no objections are raised by the manufacturing domain ontology; the verification mediator sends the verified facts back to the design knowledge base.
This research is specifically focused on product design-APP integration approaches, which as shown in Fig. 1 , can be categorized into five approaches: Ontology-based approach, file-based approach, assembly feature-based approach, assembly-model approach and virtual assembly environment approach. Our main focus in this survey is on the ontology-based approach, the other approaches will be discussed briefly first. The file-based approach represents an extension of the filebased approach in product -manufacturing integration. The assembly knowledge is exported into an external file (e.g. STEP file in the literature example). [46] developed an integrated model and system for concurrent assembly design and planning using STEP file. By applying STEP as an information model. The final aim of their proposed agent-based integration strategy is to support CAD/CAM applications in assembly.
Regardless of the different approaches, product features have been exploited as a basis for most of the integration frameworks between product design and manufacturing. A useful understanding of a feature is given by the definition addressed by [47] , "a feature is a partial form or a product characteristic that is considered as a unit and that has a semantic meaning in design, process planning, manufacture, cost estimation or other engineering discipline‖. The importance of features as a bridge between product design and manufacturing has been addressed extensively in published literature [48] , [49] . Assembly feature-based design [50] has been considered as an extension of feature-based design for linking assembly design and APP. Van Holland [51] utilized assembly features in process planning by defining assembly feature as ""features with significance for assembly processes"" . The same author introduced more specific assembly features, from a process perspective: connection features "such as final position, insertion path/point, tolerances" and handling features "characteristics that give the locations on an assembly component that can be safely handled by a gripper during assembly!". Another example of using assembly features in assembly process planning is addressed by [52] , where assembly features are used to integrate a product design CAD application (CATIA) to assembly planning in digital factory simulation.
The assembly feature integration approach has been extended further by deriving object oriented assembly feature representation [53] and assembly feature semantics [54] . A new integration approach based on assembly feature semantics is known as assembly semantic model approach. This approach is mainly used for modelling assembly design knowledge and to provide enough information about the relations between connected components/parts and precedence constraints between the connections. Since the efficiency of APP is highly dependent on the way in which assembly design is modeled, this approach is considered as a very important stage in integrating assembly design and APP. Open Assembly Model (OAM) [55] is one of the remarkable examples about deriving an assembly design model based on assembly semantics. OAM provides a standard representation and exchange protocol for assembly, which includes tolerance and ISSN: 2348 -8360 www.internationaljournalssrg.org Page 10 kinematics representations. A three-layer assembly semantic model is proposed by [56] and is used mainly for APP. The using of semantics in assembly design representations provides better understanding of assembly designer's and planner's intents. These representations allow reasoning about assembly knowledge for APP in a more formal and efficient way.
The multiple -view feature modelling approach [57] added more flexibility to product design modelling by allowing a designer to focus on the information that is relevant for a particular product development phase such as conceptual design, assembly design, part detail design and part manufacturing planning. This is achieved by providing a specific view of a product for each phase and facilitating integration of all views. Each view contains a specific feature model for the corresponding phase. This modelling approach is characterized by establishing different but consistent views to represent the same product.
A new assembly modelling approach is invented by defining new geometric elements in an assembly design called ‗‗skeleton'' [58] to provide support for the geometric product modelling phase. Skeleton models are specialized models of components of an assembly that define basic geometries (point, curve, surface, plane, axis and coordinate system), constraints ( dimensions, mates, DOF) and other physical properties that may be used to define geometry of components. The Skelton concept has been utilized in converting a 3D solid model to a skeleton model that is used in assembly modelling [58] . According to the same author, using assembly interface geometries with their constraints in the assembly model could improve design efficiency and reduce the cost of product development. Assembly interface geometries facilitate the integration between process behaviour knowledge and product design form knowledge [59] . More details about utilizing the Skelton model in assembly design and assembly sequence planning could be found in [59] .
The Virtual Assembly Design Environment (VADE) approach has been used to integrate product design and APP. According to [60] , VADE is -a Virtual Reality (VR) based engineering application which allows engineers to -evaluate, analyze, and plan the assembly of mechanical systems‖. VADE has been used to integrate assembly design applications such as CAD software with other assembly planning applications such as CAPP, assembly simulation, robot path planning and assembly equipment design. Wang et al. (2006) [61] introduced a novel approach to integrate VR and CAD for virtual assembly. Virtual Assembly Process Planning (VAPP) has been used to provide a more efficient, intuitive and convenient method for assembly process planning [62] .
The diversity and the complexity of assembly design have attracted many researchers to utilize ontology capabilities in integrating and migrating assembly knowledge and provide rich conceptualization of a complex domain such as the assembly domain. Ontology-based approaches for integrating product design and APP can be categorized further into two main approaches: Mereotopological design approach and assembly design knowledge approach. The assembly design semantics in the first approach is based on mereotopological description for assembly knowledge, while in the second approach the assembly design semantics is based on geometrical and topological description for the part knowledge and mates for the assembly knowledge.
Mereotopology (MT) is a branch of logic that has the ability to provide qualitative formalization of two fundamental relationships between entities: parthood (i.e. one entity being part of another) and connection [63] . Design mereotopology (DMT) [63] is developed in order to identify and logically describe some regions within geometrical entities and the interrelations between regions within a product. Ontological axioms have been used to restrict DMT to describe only regions of interest in the product design model. In this sense, (DMT) has been utilized in ontology-based assembly design modelling. Kim et al (2008) [64] developed a methodology to represent and differentiate assembly joint information in a collaborative product design environment based on formal mereotopological ontology.
In this ontology, assembly joining constraints are explicitly represented by using SWRL rules and OWL triples, which are derived from mereotopological definitions. The main contribution in [64] is the developed semantic definitions (e.g., for machine interpretation) for a theoretical mereotopological foundation of the assembly design. Demoly et al, (2012) [65] have proposed a novel approach called PRONOIA (PROduct relatioNships description based On mereotopologIcAl theory) for defining product relationships based on mereotopological theory. This approach is based on using product relationships described by mereotopological primitives, and Assembly Sequence Planning (ASP) in order to integrate assembly modelling and planning. The final integration stage is implemented by using an ontology with OWL-DL and SWRL languages.
Gruhier et al. [66] introduced a novel mereotopological approach called JANUS (Joined AwareNess and Understanding in assembly-oriented design (AOD) with mereotopology) for integrated assembly design and assembly sequence planning. ISSN: 2348 -8360 www.internationaljournalssrg.org Page 11
The JANUS approach based on describing the assembly design and assembly process in the three dimensions (i.e. spatial, temporal and spatiotemporal) in order to describe the evolution of the product assembly. The spatial dimension describes the spatial mereotopological relationships between spatial objects. The temporal dimension describes the lifetime of a temporal object, which is broken down into several smaller temporal objects, which are created each time a part (object) is added into the assembly. The object change is generally associated to an assembly process. The spatiotemporal dimension is used to describe an objects spatial location over time during deformation, modification or transformation. A proposed ontological development framework called PRONOIA2 [67] , an extension of PRONOIA, is fully based on the JANUS mereotopological approach. PRONIOIA2 is composed of three layers; meta ontology, domain ontology and application ontology. It is implemented using OWL-DL and SWRL languages. This ontology-based approach is very promising in integrating assembly design and APP, nevertheless it has been used mainly to integrate the product design process and Assembly Sequence Planning (ASP). More efforts are needed to use this approach in integrating product design from one side and manufacturing (processes and resources) from the other side.
For semantic integration, several researchers have used ontology-based approaches to integrate assembly design and APP. Delamer and Lastra [68] proposed an ontology for the modelling of assembly processes. This ontology enables reasoning and queries of assembly knowledge based on OWL and SWRL rules. Lohse et al. [69] proposed an equipment ontology to support reconfigurability in manufacturing /assembly systems by facilitating decisions related to the selection of assembly equipment. Lanz et al. [70] proposed an ontology to capture product and process related assembly knowledge and to integrate product design and assembly simulation. Kim et al. [71] proposed an assembly design ontology which provides formal description of assembly design related knowledge. The main focus of that ontology was on assembly joint formalism where a welding joint is provided as an example. Mostefai et al. [72] proposed a product design ontology to capture product design knowledge for supporting the product development process. This ontology supports inferences and queries but without reasoning capability. Fiorentini et al. [73] proposed an ontology for assembly design representation. Their ontology is based on the Open Assembly Model (OAM) [55] with a reasoning capability to support designer's decisions. To model APP knowledge, Huang et al. [74] proposed an ontological model that attempts to cover some important aspects in APP knowledge, such as assembly requirement, spatial information, assembly operation and assembly resource. Since no ontological formalism is reported for their work it represents an uncompleted attempt to model APP knowledge. Imran et al. [21] proposed a novel framework in the form of an assembly reference ontology, which can provide a common semantic base to support interoperability and knowledge sharing across the assembly design and assembly process planning domains. Their work represents a demonstration of the application of formal ontologies for assembly knowledge sharing and specifically focuses on concepts related to tolerance and fits, assembly feature, assembly method and assembly resource. The ontological formalism used by [21] is the knowledge frame language (KFL) [75] , which is based on Common Logic (CL) [76] . According to the [77] , CL is more expressive than (OWL) and more capable of representing the semantics of complex manufacturing concepts and relationships.
A majority of the researchers who carried out ontology based approaches in the manufacturing and/or assembly domains have used OWL as ontological formalism. The majority also has used SWRL to implement the reasoning capability in their ontologies. A few researchers have used other ontological formalism such as Common Logic (CL) and Knowledge Frame Language (KFL). Fig.1 also gives an indication about the ontological formalism that has been used for each ontology under the ontology-based approach. Next section will provide a review and comparison between different ontology formalism languages that have been used in published literature.
III. ONTOLOGY FORMALISM LANGUAGES
In published literature, many ontology development languages have been used to provide representation of the internal structure of an ontology [78] , [79] and [80] . Ontology development languages can be classified into three main categories: (A) ontology mark-up languages (B) ontology schematic languages and (C) general ontology languages. In the following some of the most popular ontology languages that are mainly used in developing ontologies under these main categories:
A. Ontology mark-up languages:
Resource Description Framework (RDF) & RDF (Schema) (RDFS): is a language developed by W3C
and used mainly to model information and web resources. RDF supports interoperability across a range of applications [81] . RDF is an object-attributevalue triple [82] . RDF (Schema) (RDFS) is considered as a semantic extension of RDF [83] . RDFS has the ability to provide as set of classes, subclasses, properties and sub properties to model the ontology structure. RDF / RDFS are considered as ISSN: 2348 -8360 www.internationaljournalssrg.org Page 12
Lightweight formal ontology language. RDF / RDFS support Reasoning and considered as a web language with Protégé as ontology development tool. More information available at [84] . RDF Limitations: (i) The RDF data model does not provide mechanisms for defining the relationships between properties (attributes) and resources [85] . (ii)RDFS is mainly used to model simple ontologies [86] . (iii) RDF/RDFS cannot support the modelling of ternary or higher-arity relations.
Ontology Web Language (OWL):
[87] is considered as a defacto standard highly expressive web semantic ontology language. OWL is based on a meta data model which is an abstract set of rules for representing, interpreting and processing content of information [87] . OWL is considered as a good tool for creating bridges between different domains. OWL provided more machine interpretability than the XML, RDF, and RDFS OWL also provides better interoperability to web content as compared to RDF and RDF Schema. OWL is considered as heavyweight expressive formal language but it is still limited in its expressive power, since it is based on RDF/RDFS. OWL supports automated reasoning [88] and it is a web language.
OWL has several limitations : (i) it's limited ability to represent relations and functions, For example, OWL cannot directly support relations having arity more than 2 and functions having arity more than 1 [89] . (ii) Another limitation is its complex and less efficient reasoning capabilities, this is due to the fact that OWL does not have conjunction, disjunction, and negation operators [88] . (iii) OWL semantics are based on the Open World Assumption (OWA), which means things are not known to be true may not be necessarily false [88] . Palmer et al. [89] argues that complex domains such as manufacturing and assembly are facts driven and need certainty that can be supported by the closed world assumption [89] .
In order to overcome these limitations, several flavors have been developed from OWL, the most important are OWL Lite, OWL DL, and OWL Full [87], [90] .
OWL Lite is aimed for applications requiring classification hierarchies and simple constraints. It trades expressivity for efficiency of reasoning [80] . OWL DL it is the most important OWL sub-language, it's OWL with formal specifications highly affected by descriptive logic [91] . The fundamental concept of Description Logic is the use of axioms, which are logical statements relating roles (properties) and concepts (classes); this gives OWL-DL very powerful expressiveness so it supports applications requiring maximum expressiveness with Decidable reasoning that is considered less efficient than OWL Lite. OWL Full is used for application where maximum expressiveness is required as well but with Undecidable Reasoning. Protégé is used as OWL ontology development tool.
The eXtensible Markup Language (XML):
XML is considered as the first web language to separate the markup of web content from web presentation, facilitating the representation of task-specific and domain-specific data on the web [92] . All the other mark-up ontology languages are built on XML. XML file document is considered as a powerful data format, which is proposed to transport and store data.
XML solved many problems about representing, organizing, storing, sharing data in the face of enormous growth in size and complexity. However, an XML file does not provide any means regarding interpretation of the data. This is because it lacks semantics; designed to describe the structure of a document not the content. XML is considered as a lightweight formal ontology language. Another limitation for this language is that it does not provide any reasoning.
B. Ontology schematic languages

Unified Modelling Language (UML / UML 2):
UML is the standard for Object-oriented graphical modelling language. It provides a way for the modelling of knowledge and information. UML provides various diagrams like Class Diagrams, Use-Case Diagrams, and Communication diagrams. The most widely used ones are the class diagrams. The main feature of UML 2 is its ability to represent ternary and higher order relations [89] . UML2 can be used for the lightweight representation of common logic (CL) based ontologies as it is presented in [21] . As object oriented language, Java, C and C++ etc codes can be generated from UML 2 diagrams. Enterprise architect is used as a UML ontology development tool.
C. General ontology languages
Common Logic (CL): is a formal ontological language based on the first order logic, and is used for sharing and transmission of information [76] . CL has higher expressive power and supports better inference and reasoning ability as compared to the languages like XML, RDF/RDFS and OWL-Lite, OWL-DL and OWL-Full [93] . The main features of CL over other ontological languages are: (i) CL is based on Closed World Assumption (CWA) [94] ; according to date [95] CWA states that everything stated or implied is true and everything else is false. (ii) CL supports ternary relations (and relations having arity more than 3) [96] (iii) binary functions (and functions having arity more than 2), conjunction, ISSN: 2348 -8360 www.internationaljournalssrg.org Page 13 disjunction, and the negation operators [89] . According to [20] and [96] these features make CL very suitable in modelling complex domains such as assembly and more competent than OWL in rigorously defining the semantics which is a key requirement for heavyweight modelling to support knowledge sharing as reported in [96] .
IV. CONCLUSIONS The paper showed a possible use for ontologies that is aimed at overcoming some of the problems related to integrating and knowledge sharing between product design and manufacturing with more focus on the integration of assembly design and APP domains in manufacturing environment.
Assembly is considered as one of the most complicated tasks in a manufacturing environment [97] , and those tasks have not been investigated deeply compared to other manufacturing tasks [98] . The importance of assembly becomes evident from claims such as that 53% of manufacturing time is consumed in carrying out assembly tasks [99] . This paper showed how the complexity and diversity of the assembly design have attracted many researchers to utilize ontology capabilities in integrating and migrating assembly knowledge and provide rich conceptualizations within the complex assembly domain. More specifically, this paper focused in utilizing ontologies in integrating assembly design and APP. Assembly design and assembly process planning (APP) are very important engineering domains of successful manufacturing system design, which require an efficient collaborative environment for best utilization of the assembly resources. However, these domains represent different perspectives in understanding the same concepts, and both domains use different software applications, which might cause interoperability issues. The paper showed how ontology-based system could help to overcome problems such as interoperability, modelling and integration between these two domains.
The last part of the paper is dedicated for ontology development languages. Manufacturing and assembly needs very expressive and rich ontological languages with potential features to model this complex domain. According to Negri, [80] ontology development language have to meet four main requirements for semantic language representation of the manufacturing domain, namely support of conceptual modeling and data storage, ease of use and maintenance, interoperability, and automated reasoning. According to the same author [80] OWL and the OWL sublanguages: OWL Lite, OWL DL are recommended for modelling manufacturing domain One of the limitations of this recommendation is that it does not include any general ontology development languages such as CL.
From the study performed in this paper CL language is highly recommended to model manufacturing domain. CL has proofed to be very powerful semantic modelling tool regards modelling of manufacturing and assembly domains with effective knowledge representation and reasoning. This recommendation is based on the work performed by several researchers using this language such as [89] , [20] , [96] and [100] . Their works represent a valuable recommendation for the ability of this language to perform highly expressive semantic modelling in manufacturing and assembly domains.
Regardless of all its potential features CL has not got widespread acceptability in information systems Community [101] . A study by carried out by Cardoso [102] showed that the OWL and RDF(S) are the most used languages for data exchange and knowledge sharing in industry and academia with a percentage of 75.9 %, while CL only deployed with about 2.6 %. The widespread acceptability of OWL is due to free open source OWL ontology language tool protégé and its simplicity, also the availability of the OWL resources as a literature and examples over the internet is another factor. Another important factor is that protégé is a Java-based application, so it's easy to deploy Java functions and applications to increase the capabilities of the OWL language. On the other hand to use CL user has to use UML for the lightweight representation of the ontology, which requires software as enterprise architect. Enterprise architect is not free open source software and also it requires efforts to learn ontological modelling compared to protégé. Also CL as a rich ontological language needs more efforts to learn compared to OWL.
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